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Synopsis 

This  paper  reports  the  results  of  a  laboratory  investigation  of  the 
effects  of  rate  of  strain  on  the  strength  of  remolded  soil..  Two  soils 
were  selected  for  purposes  of  this  9tudy:  (a)  a  clay  derived  from 
limestone  and  pedologically  classified  as  Frederick,  and  (b)  a 
glacial  silty  clay,  pedological?„y  classified  as  Crosby,  rtB"  horizon. 
These  soils  were  selected  primarily  on  the  basis  of  their  dif 1 
in  plasticity.* 

Rata  of  strain  wa3  considered  the  most  istportant  variable  and  it 
was  studied  from  0<>55  in»/mln«  tol780  in./mino   The  factors  of  moisture 
content  and  dry  density  were  also  of  prime  importance  <.     Consequently, 
three  compactive  efforts  were  used  and  specimens  were  molded  and  tested 
on  both  sides  of  the  optimum  moisture  content  of  each  compactive  effort. 

The  unconfined  compressive  strength  test  was  used  as  the  strensr 

criterion,  and  the  effect  of  the  aforementioned  variables  upon  the 
ultimate  strength  and  modulus  of  deformation  of  the  samples,  as  determined 
by  this  test,  are  reported* 
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DTSCRIPTIOS  OF  MAT 

Two  soilo  were  selected  for  purposes  of  this  study:  (a;  a  r 
colored  clay  derived  from  Jiinestone,  and  (b)  a  brown  glacial  si      j9 
pedologieally  classified  at  Crosby,  "Bw  horizonj  both  s 
to  Indiana,,  These  soils  were  selected  prlcarily  on 
difference  in  plasticity  (Table  l)o 

Both  soils  wore  air  dried,  pulverized,  and  pass ad  through 
40  U.  S.  Standard  Sieveo  It  ia  recc      that  a  soil  cor        ay 
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to  reach  the  shrinks    jnito  T         oratory  behavior  of  1 
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R^ULTS 
Strength 

In  both  the  clay  and  the  silty  clay,  the  strength  vs.  moistu 
content  curves  all  exhibited  a  "peaked"  shape,  as  indicated  in  Fifures 
2  and  3.  Theoretically  the  strength  should  continue  to  rise  as  the 
moisture  content  decreased.  However,  there  was  a  tendency  for  a  re- 
duction in  this  "peaked"  condition  as  the  rate  of  strain  increas i 

There  are  two  possible  reasons  for  the  aforementioned;  (a)  tl 
condition  is  the  result  of  the  inherent  characteristics  of  the  tes%  i.e. 
at  low  moisture  contents  the  specimens  fail  by  crumbling  rather  t 
shear,  due  to  a  lack  of  lateral  confinement,  or  (b)  the  condition  is  a 
result  of  the  molding  process  i«e<>  kneading  type  compaction  imparts 
this  characteristic  to  the  soil. 

At  the  lower  moisture  contents  tested,  9-10  per  cent  for  the 
silty  clay  and  14=15  per  cent  for  the  clay,  the  specimens  were  bri itle 
and  would  crumble  around  the  edges  if  not  handled  carefully.  There  is 
great  possibility  that  this  tendency  existed  at  higher  moisture  contents 
but  was  just  more  difficult  to  detecto 

In  all  cases  the  maximum  strength,  as  indicated  from  these  tests, 
occurred  at  a  moisture  content  less  than  optimum  (Figures  2  and  3)^ 
Exactly  how  much  seemed  to  depend  upon  the  rate  of  strain  and  the  cob- 
pactive  effort  i.eo  as  the  compactive  effort  decreased  there  was  a  ten- 
dency for  the  difference  between  0«MoC<>  and  the  moisture  content 
which  maximum  strength  occurred  to  increase  o  The  maxima  differer^e 
between  the  latter  two  was  approximately  4  per  cent  in  the  silty  clay 
and  5  per  cent  in  the  clayo 

Once  the  moisture  content  at  which  the  optimum  strength  was 
obtained  was  passed,  the  change  in  strength  for  a  given  chanpe  in 
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39 
moisture  content  increased  significantly  (Figures  2  and  3)« 
that  the  greater  the  rate  of  stx-ain  the  steeper  this  portion  of  . 
curve  be come So 

The  foregoing  is  true  for  both  the  silty  clay  and  clay.  However, 
in  the  clay,  the  rate  of  increase  of  strength  for  a  given  increase  in 
moisture  content  on  the  dry  side  of  optimum  strength  was  equal  and  in 
some  instances  greater  f.han  the  rate  of  decrease  which  occurred  on  the 
wet  sidea  Whether  or  not  this  is  significant  depends  on  the  validity 
of  the  tests  conducted  on  the  dry  side  i.e*  whether  or  not  the  specimens 
were  failing  principally  by  crumbling  or  by  shear- 

Silty  Clay 

It  was  found  that,  for  a  given  compactive  effort  and  moisture 
content,  increasing  the  rate  of  strain  produced  a  measurable  increase 
in  the  strength  of  the  soils  (Figures  k  and  6)o  In  the  case  of  the 
silty  clay,  for  the  lowest  compactive  effoi't,  an  increase  of  over  ?^00 
per  cent  in  the  unconfined  compressive  strength  was  obtained  by  in 
creasing  the  rate  of  strain  from  0*55  in* /rain,  to  1763  in»/min. ,  regard- 
less of  the  moisture  content  of  the  sample  (Table  3).  For  the  highest 
compactive  effort  the  increase  in  strength  for  the  same  change  in  rate 
of  strain  renged  between  52  and  87  per  cent  while  for  the  intermediate 
compactive  effort  the  range  was  from  20  to  39  per  cent. 

As  regards  the  change  in  strength  of  the  medium  transient  test 
with  respect  to  the  slow  transient  test,  for  a  given  density  and  ceo- 
pactive  effort,  the  increase  in  strength  wis  much  less  (Tatle  3)<  C. 
sidering  the  lowest  compactive  effort  the  increase  in  strength  ranged 
from  12  to  32  per  cent,  for  the  intermediate  compactive  effort  the 
change  ranged  from  -17  to  40  per  cent,  and  for  the  highest  comp-ictive 
effort  the  change  in  strength  was  from  *10  to  +51  per  cent. 
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TABLE 
SUiC-lAHY  OF  RESULTS  OF  STRENGTH  TESTS  SILTY  CLAY 


RATE  STRAIN  ■ 

COMPApTIVE  EFFQRT_ 

3  Layers/25  Blows 

10  Layers/25  Blows_ 

10__  Lasers, 

alow* 

0.55  "/mine 
14 » 5  "/mine 
1768  "/min. 

MOISTURE  CONTENT  -  10* 

Strength 
(psi.) 

Su  Ratio  Strength 
(psi.) 

S  Ratio 
u 

Strength 
(.Bsi-lL 

S  Ratio 

43 

48 

109 

1.00 
1.12 

2.5** 

81 

110 
153 

1.00 
1.36 
1.89 

128 
159 

00 

1.51 

87 

0*55  "/min. 
14.5  "/min. 
1763  "/min. 

MOISTURE  CONTENT  -■  12* 

Strength 
(psi, ) 

S  Ratio 
u 

Strength 
(gsio) 

S  Ratio 
u 

Strength 
(psi.) 

S  Ratio 
1 

46 

61 
119 

1,00 
lo33 
2 .  59 

83 
116 
146 

LOO 
1.40 
1.76 

103 
130 
156 

00 

io26 
k5?  _ 

0=55  "/min. 
14.5  *'/min0 
176S  "/rain. 

MOISTURE  CONTENT  -  lu% 

Strength 

(psi.; 

Su  Ratio 

Strength 
(psi.) 

S  Ratio 
u 

R t rength 

(psi  J 

£  Ratio 

43 
57 
95 

1.00 
1.32 
2.21 

77 

96 

127 

1.00 

1.25 
1.65 

91 
110 

140 

00 
1.21 

54 

0.55  "/min- 
14 "5  "/min. 
1768  "/min. 

MOISTURE  C0NT.LNT  =  16$ 

Strength 
(psi.) 

Su  Ratio 

Strength 
(psi.) 

S  Ratio 

Strength 
(psi. J 

Ratio 

34 
43 
71 

1.00 

1=26 
2,09 

57 
56 

88 

1.00 
0.98 
1.54 

51 
62 

9? 

1.00 

1.22 
32 

0.55  "/min. 
34*5  "/min. 
1768  "/min. 

MOISTURE  CONTENT  -  17* 

Strength 
(psi.) 

S  Ratio 
u 

Strength 
(psi.) 

S  Ratio 
u 

Strength 
psi.) 

Ratio 
u 

28 
35 
57 

1.00 

1- 
2,04 

46 
38 
55 

,00 

83 

1.20 

38 
42 
58 

00 

10 
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There  appears,  on  the  basis  of  the  data  collected,  to  be  a  general 
trend  toward  a  decrease  in  the  effect  of  rate  of  strain  as  the  moisture 
content  increases,  for  a  given  corapactive  effort  (Figure  U   and  Table  3 
This,  in  all  probability,  is  due  to  the  greater  effect  of  pore  water 
pressures  which  would  tend  to  decrease  the  strength  of  the  sample.  This 
could  also  be  the  reason  why  the  strength  ratio  values  tend  to  dec  ease 
as  the  corapactive  effort  increases* 

From  the  foregoing  discussion,  it  can  be  seen  that  the  effect  of 
rate  of  strain  is  more  significant  in  increasing  the  strength  of  mat^r 
at  low  densitieso  In  comparing  the  fsst  and  slow  transient  tests,  over 
100  per  cant,  increase  in  strength  was  obtained  for  the  lowest  compac- 
tive efforto  Considering  the  same  range  for  the  other  two  compactive 
efforts  the  maximum  increase  was  89  per  cent,  and  for  the  majority  of 
cases  it  was  much  lesso 

Furthermore,  as  the  compactive  effort  increased  the  effect  of  an 
increase  in  moisture,  en  the  strength,  increased  for  a  given  contpaotive 
effort  (Figure  &)«  As  aforementioned,  this  is  due  to  an  increase  r'.n 
pore  pressure  brought  about  by  a  reduction  in  void  ratio  due  to  in- 
creased compaction. 

From  Figure  5,  which  is  a  plot  of  unconfined  compressive  str«r gth 
vs0  dry  density,  at  constant  moisture  content,  it  car.  be  qualitat^  ely 
stated  that  the  effect  of  increased  density  deer-eases  a  a  rate  of  strain 
increases,.  For  example,  it  can  be  noted  that  the  slcpes  of  the  curves 
for  rate  of  strain  eoual  to  1768  inches  per  minute  are  less  than  these 
for  either  0^55  or  li.. 5  inches  psr  minute.  Also,  moisture  content  - 
not  effect  the  slopes  appreciabl 
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For  the  clay,  it  was  also  found  that  for  a  given  compactive  e.'fort 
and  moisture  content,  increasing  the  rate  of  strain  produced  a  measurable 
increase  in  the  strength  of  the  soil  (Figure  6).  As  with  the  silty 
clay,  the  strength  ratio,  for  all  moisture  contents,  was  greatest  for 
the  lowest  compactive  effort  (Table  Zij.  Also,  from  Figure  6  it  can  be 
seen  that  moisture  content  has  less  effect  on  the  strenght,  at  a  given 
rate  of  striin,  the  lower  the  compactive  effort  ie»  as  the  compac;ive 
effort  is  increased  the  effect  cf  moisture  content  increases- 
Table  U   shows  that  as  the  moisture  content  increases  the  effect 
of  rate  cf  strain  on  increasing  the  strength  increases  for  a  given 
compactive  efforto  However,  it  should  be  noted  that  this  relationship 
is  generally  valid  for  only  the  dry  3ide  of  optimum  since  the  data  on 
the  wet  side  are  incomplete o 

Table  4  also  shows  that  some  clay  soils  may  decrease  in  strength  with 
an  increase  in  rate  of  straine  This  tendency  existed  at  all  except  one 
moisture  content,  the  highest,  at  the  lowest  compactive  effort*  In 
the  two  higher  compactive  efforts  the  condition  existed  at  only  c 
moisture  content,  in  eacho  Since  the  latter  values  are  so  close  to 
unity,  it  could  be  assumed  that  there  was  not  a  decrease  and  the  stress 
ratio  is  unityD 

However,  due  to  the  fact  that  the  stress  ratios  for  the  mediur 
transient  tests  are  consistently  less  than  1*0  this  might  be  a  signi- 
ficant trend,  for  the  lowest  compactive  effortc  It  can  also  be  notad 
that  a  value  of  the  stress  ratio  greater  than  1.0  occurs  at  nearly  the 
optimum  moisture  contentc  This  indicates  that  on  the  wet  side,  stress 
ratios  greater  than  1.0  would  be  obtained.  Also,  it  must  be  recognized 
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FIG.      6.      "ATE     OF     STRAIN     VS      UNCONFINED        COMPRESSIVE       STRENGTH   —   CLAY 


TABU: 
SUMMARY  OF  RESULTS  OF  STRENGTH  TESTS    -  CLAY 


RATS  STRAIN 

COMPACTIVE  EFFORT 

3  Layeris/25  Blows 

10  Layers/25  Blows 

10  Layara/50  Blows 

MOISTURE 

CONTENT  -  18* 

Oo55  "/mino 

13 o 5  "/mino 

J  1140  n/min. 

Strength 

(psic } 

3U  Ratio 

Strength 

(psi») 

Su  Ratio 

Strength 
(psi  ) 

Su  Ratio 

56 

44 
9? 

1. 00 
0»79 
1,73 

94 

98 

142 

IoOO 
I0O4 
1.51 

131 
126 

1.6O 

.6 
22 

"/min» 
"/min» 
"/mino 

MOTS TURK 

:r  intent  « 

orA 

0.55 
13^5 

1140 

Strength 
(psi.) 

Su  Ratio 

Strength 
(psi.) 

Su  Ratio 

Strength 
(osi. ) 

S  Ra 

61 

49 
104 

1.00 
0,80 
1.71 

103 
100 
146 

IoOO 
0o97 

lo  «+2 

115 

136 
]  60 

00 

18 

Ic39 

0.55 
13»5 
1140 

"/mino 
"/mino 

"/min.c 

MOISTURE  CONTENT  »  22$ 

Strength 
(psi.) 

Su  Ratio 

Strength 
(psi.) 

S  Ratio)  Strength 
U    1   (PBiJ 

S  Ra 

u 

58 

50 

10? 

LOO 
0,86 

89 

93 

137 

1.00 
1.04 
lo  54 

93 
128 

LOO 

56 

1.  57 

0»55 
13*5 

.1140 

"/min., 
"/mine 

"  /mim 

MOISTURE  CONTENT  «=  24* 

Strength 
(psio) 

Sy  Ratio 

Strength 
(psio ) 

Su  Ratic 

Strength 
(psi.) 

Su  Ratio 

49 
48 
92 

IoOO 
0o98 

I088 

71 
80 

1.00 

1.13 
1*65 

69 

98 

120 

30 

42 

1-% 

0.55 
13o5 
1140 

"/mino 
"/mino 
"/min. 

MOISTURE  CONTENT  «  26% 

Strength 

(psio ) 

Su  Ratio 

Strength 
(psio ) 

Su  Ratio 

Strength 
si . ) 

S  Fj? 

38 

43 
80 

IoOO 
1.13 
2.11 

48 
63 

9- 

1.00 
io31 
lo90 

45 
70 
95 

1.00 

11 

that  since  the  stress  ratio  for  the  medium  tr 

very  close  to  unity,  at  low  moisture  contpits  and  low  c 

and  since  an  average  curve  is  drawn  through  the  data  ob'.  ,jld 

account  for  the  stress  ratio  being  less  than  ] 

A  study  of  Figure  &  reveals  that  the  higher  the  coi  -t 

the  greater  the  effect  of  a  change  in  moisture  content  on 
of  the  c]  y  soil.   For  example,  as  the  compact  !■"■. 
the  curves  in  Figure  6  become  farther  apar 
It  should  be  noted  that  the  18  per  ce 
Figure  6  is  out  of  line  with  the  remainder  of  the  dar, 
bably  beeause  of  specimens  tested  at  this  i:oistur\*  content  failed, 
partially  at  least ,  by  crumbling. 

Figure  7  illustrates,  cualitatively,  that  the  effect  of  ar. 
crease  in  density,  decreases  as  the  rate  of  strain  increases..  Th 
be  noted  from  the  fact  that  the  slopes  of  the  curves  for  rate 
equal  to  il^O  inches  per  minute  are  less  than  those  for  c-ithe. 
13o5  inches  per  minuteo 

It  is  worthy  of  note  that  the  strengtn  ritio  for  the  clay 
with  increasing  moisture  content  while  that  for  t  b 

with  increasing  moisture  content.  Also,  for  a  given  rate  i 
effect  of  moisture  content  on  the  strength  is  great-. 
than  the  clay*  However,  the  latter  trend  decreases  as  t.^3  cc 
effort  decreaseso 

Modulus  of  Deformation 
The  data  on  the  modulus  of  deformatioi      both  soi 
the  most,  difficult  to  interpret-   This  was  due  to  the  3 
of  the  values  (see  Figures  2  and  3)o  Ihr   latter 
by  the  difficulty  in  picking  values  from  the  oscilloscope  tra 
was  quite  easy  to  determine  the  maximum  load,  on  th<    einen,  an 
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FIG    7    DRY    DENSITY    VS    UNC0NFINED 
COMPRESSIVE     STRENGTH -CLAY 
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strain  at  which  it  occurred*  However,  at  low  loade  it  was  in 
instances,  impossible  to  accurately  determine  the  load  on  the  sr 
and  the  strain  at  which  it  occurred-   A3  a  result,  in  practically  all 
cases,  the  initial  portions  of  all  stress  strain  curves  a- pea 
of  lineo 

Consequently,  the  modulus  of  deformation  vs.  moisture  cont 
curves,  for  a  given  compactive  effort  and  rats  of  3train  can  only  be 
used  to  obtain  general  trends  as  indicated  by  the  results  shown      38 
2  and  3)«  Since  the  modulus  of  def ormatic n  vs,  rate  of  strain  curves 
(Fimres  8  and  9),  for  a  given  mcipture  content  and  compactive  effort, 
were  obtained  from  the  curves  previously  indicated  they,  also,  ar*  only 
of  qualitative  valueo 

Silty  Clay 

Regardless  of  the  scattering  of  the  points  in  Figure  2  :      be 
readily  seen  that  moisture  content  has  a  tremendous  effect  on  the  modu 
of  deformation  of  the  silty  clay<>  It  is  also  apparent  that  as  the  rate 
of  strain  increases  the  effect  of  moisture  on  the  modulus  of  deformation 
also  increaseso 

This  rate  of  change  of  modulus  of  deformation  with  respect  tc  a 
change  in  moisture  content  decreases  as  the  moisture  content  increa.c 
until  a  point  is  reached  whera  the  compactive  effort  has  a  negligi- 
effect  on  the  modulus  of  deformationo  This  condition  occurs  on  the  dry 
side  of  optimum  for  the  slow  and  medium  transient  tests,  for  all  ccrn- 
pactive  efforts,  and  aoproximately  at  optimum  for  the  fast  tr 
tests. 

In  fact,  if  a  soil  is  to  be  compacted  at  a  moisture  c         ;h 
approximates  the  0*MoCo  for  standard  compaction,  considering  the 
transient  test  conditions,  it  aopears  that  use  of  a  compactive  e 
greater  than  Standard  Proctor  is  not  warranted*  Co- 


that  a  subgrade  usually  gains  approximately  2  p^r  cont  raoi        >re 
coming  to  eoullibrium  with  its  natural  surroundings ,  this  would  i 
compaction  at  an  effort  greater  thar  standard  AASHO  impractical,  uilcsn 
methods  of  preventing  an  increase  in  moisture  content  were  prcvi;. 
The  latter  statement  is  assuming  that  the  modulus  of  deformation  is  to 
be  used  as  the  criterion  of  strength. 

Considering  the  moisture  content  range  tested  it  appears  a 
ficant  increase  in  modulus  of  tief ormation  due  to  &n  increase  in  ra  - 
strain  was  obtained  only  for  the  specimens  compacted  at  about  10 
cent  moisture  (Figure  8)0  This  is  true  regardless  of  the  compac' 
efforto  Also,  on  the  basis  of  Figure  8  it  can  be  easily  seen  that 
moisture  content  has  a  much  more  significant  effect  on  the  modulus  of 
deformation  than  does  rate  of  strain* 

As  regards  moisture  contents  of  12  per  cent  or  above  it  appears 
that  an  increase  in  the  rate  of  strain  will  not  produce  an  increase  In 
the  modulus  of  de format ion*  From  Figure  8  and  Table  5  it  can  b« 
that  for  certain  moisture  contents  there  appears  to  be  a  decrease 
the  modulus  of  deformation  with  an  increase  in  the  rate  of  strain » 
can  probably  be  attributed  to  the  scattering  of  data.  Also,  the 
tering  of  data  might  be  the  reason  there  wes  a  significant  increase  in 
modulus  of  deformation  with  rate  of  strain  for  the  10  per  cent  m<. 
content  specimens » 

Table  5  indicates  an  important  trendo  For  a  given  compactive  sffor.-. 
and  rate  of  strain  the  Mr,  i*atio  decreases  '.vith  increcsing  moisture  ec 
tento  There  was.  however,  too  much  variability  of  data  to  -^ada 
titative  comparisons  between  various  compactive  efforts* 

Clay 

In  the  clay  soil  there  was  also  a  substantial  decrease  in  the 
modulus  of  deformation  for  a  given  increase;  in  mo 
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FKi    8       RATE    OF    STRAIN     VS     MODULUS     OF     DEFORMATION      —      SLTY     CLAY 


TABLE  5 
SUMMARY  OF  MODULUS  OF  DEFORMATION  DATA   -    SILTT  CLAY 


RATE  STRAIN 

COMPACTIVE  EFFORT 

3  Layers/25  Blows 

10  Layers/25  Blows 

10  Liyers/50  31ows 

0.55  "/mino 
14*5  "/mino 
1768  "/mino 

MOISTURE  CONTENT  »  1056 

MD(pai. ; 

Mn  Ratio 

MD(pei.) 

Mn  Ratio 

MD(p6i») 

Hatio 

2700 
3900 
6200 

1.00 
1,46 
2.30 

67OO 
11,300 
20^000 

loOO 
lo69 

3*22 

CO 
7400 

20,600 

00 
lc30 

0=55  "/min. 
14.5  "Mn. 
17_68  "/min* 

MO 

ISTURE  CONTENT  -  12* 

MD(psi«,) 

MD  Ratio 

MD(psi.) 

M    Ratio 

MD(psi.) 

KD  Ratio 

2900 
2950 
2400 

loOO 
1.02 
0o83 

4200 
3600 
5600 

loOO 
Oc86 
1,33 

5200 
3400 
5200 

1.00 
O065 
1.00 

0.55  "/nin. 
14o5  "/mino 
1768  "/min. 

MOISTURE  CONTENT  *  14%. 

Mntpsio) 

MD  Ratio 

MD(psi.) 

MD  Ratio 

MD(psi.) 

Mjj  Ratio 

22CO 

1950 

550 

loOO 
0.88 
0o25 

2050 
1600 
2250 

1,00 
0o78 
1.10 

2500 
1400 
1250 

1-00 
0.56 
0.50 

0»55  "/min. 
14c 5  "/raino 
1768  "/rain. 

MO 

ISTURE  CONTENT  =  16£ 

Mn(p8i.J 

Mn  Ratio 

MD(psil) 

Mn  Rati© 

Mn(psi»; 

MD  Ratio 

1040 

1000 

250 

loOO 
0.96 
0.24 

600 
600 
550 

1,00 
1*00 
Oo92 

150 
500 
150 

1=00 
3.33 

1.00 

0o55  "/min. 
14*5  "/rain. 
1768  "/mino 

MO 

ISTURE  CONTENT  »  17$ 

Kn(psi.) 

M^JRatic 

Mp(psi.} 

Mp  Ratio 

Hn(P*i.; 

75 

200 

50 

Mn  Ratio 

800 
450 

200 

loOO 
Oo56 
Oo25 

200 
350 

1  00 
1=75 
1*00 

1  =  00 
0c6_ 

given  rate  of  strain  (Figure  9)=  This  condition  was  more  pronour 
the  higher  the  comoactive  effort  and  the  greater  the  rate  of  str- 
On  the  basis  of  the  data  given,  at  moisture  contents  approximating  the 
optimum  moisture  content  for  Standard  AASHO  the  effect  en  the  modulus 
of  deformation  of  an  increase  in  compactive  effort  is  negligible-  How- 
ever, as  the  rate  of  strain  increases  the  effect  of  the  amount  of  com- 
pactive effort  becomes  apparent. 

From  Figure  9  and  Table  6  the  effect  of  rate  of  strain  and  mc 
ture  content  on  the  modulus  of  deformation  can  be  observed.  For 
compactive  efforts  and  rates  of  strain  there  was  a  tendency  toward  an 
increase  in  modulus  of  deformation  with  an  increase  in  rate  of  strain- 
In  a  few  instances,  particularly  the  medium  transient  tests  at  the  in- 
termediate compactive  effort,  there  wss  a  slight  decrease  in  the 
modulus  of  deformation  with  an  increase  in  rate  of  strain.  This 
be  attributed  to  the  scattering  of  the  data,  and  the  attempt  to  draw 
a  representative  curve  through  it.  The  aforementioned  reason  was  also 
the  cause  of  the  Mp  ratios  being  less  than  one,  in  all  orobability 
(Table  6)c 

Consequently,  it  can  be  stated  that  for  a  given  r=?te  of  stra 
the  Mq  ratio  increases  with  increasing  moisture  content.  Also,  : 
Md  ratio,  for  a  given  moisture  content  end  the  fast  transient  test 
conditions,  increased  as  the  compactive  effort  increased.  This 
tendency  was  not  apparent  in  the  M^  ratio  for  the  medium  transient 
testso 

In  the  case  of  the  intermediate  effort,  considering  the  redi 
transient  tests,  the  value  of  the  Mn  ratio  obtained  was  much  less  :han 
either  of  the  other  two  compactive  efforts..  Also,  the  calibe      he 
data  did  not  produce  results  from  which  a  general  trend  could  be  pre- 
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TABLE  6 
SUMMARY  OF  MODULUS  OF  DEFORMATION  DATA  -  CLAY 


RATE  STRAIN 

COMPACTIVE  EFFQ] 

3  Layer©, 

Blow* 

10  Layera/25  Bl 

10  Layera/50   3 Iowa 

Oo55  "/mirio 
13 o 5  "/min, 
1140  »/min. 

CSTURE  COM 

MD(psi.) 

%  Ra-. 

KD(psi.) 

MD  Rf 

!  MD(ps 

4300 

5100 
4400 

loOO 
1.19 
1,02 

8300 

6000 

13,900 

:.,  00 
0.72 
1.68 

10,900 

13,400 

j  18.700 

1 

1  23 

1 

0,55  "Mn. 
13=.  5  "/u&xii 
1U0  "/rain. 

STORE  CONTEKT  *  20£ 

Mjjf  psi . ) 

— 

MD  Ratio 

MD(psi.) 

Mn  Ratio 

1  MjjCpsi.) 

HD  ! 

2800 
4600 
3300 

loOO 
1.64 
1.36 

6300 

4400 

10 , 700 

1,00 

70 

1.70 

fvOO 

15,000 

1  27 
1    2'*      . 

0*55  "/mine 
13o5  "/rain. 
1140  "/rain. 

MOISTURE  CONTENT  -  225 

; 

Mj^psiO 

MD  Ratio 

Mj)(p8io; 

K£,  Ratio 

MD(psi. ) 

KD  Ratio 

2200 
4000 
3200 

loOO 
1.80 
1*45 

4500 
3100 
8000 

1.00 
0.69 
1.78 

4200 

6200 

11,600 

1 
2   76 

0,55  B/adn. 
13-5  "/min. 

1140  "/min. 

MOISTURE  C            r  -  2456 

MD(psi,} 

MD  Ratio 

MpCpsr 

Mp  R:- 

Mpl  psi 

Mjj  Ratio 

1700 
3400 
2600 

1,00 
2-00 
1.53 

3000 
2200 
5600 

1.00 

0.73 
1.87 

23C 

8300 

1  . 
1 
SI 

0.55  M/min. 
IV.  5  "/mine 
1140  "/mine 

STURE  C           i  -  265? 

MD(psi.) 

Mq  Ratio 

MD(psi.) 

Md  Ratio 

MD(psio) 

Kq  Ratio 

1500 
2800 
1900 

1,00 
I087 
1,27 

1600 
2000 
3600 

1.00 

1.25 

25 

5300 

DO 
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dieted  for  the  medium  transient  test3  •        finabJ*         of 
the  variance  of  the  Mp  ratio  of  the  medium  transient  U 
moisture  content  but  varying  compactive  effc- 

As  can  be  seen  from  Figure  9  moisture  content  has  an  inc. 
important  effect  on  the  modulus  of  deformation  the  highpr  the  con 
effoi"tc.  Also,  it  is  f.hovm  that  significant  increases  in  the  t 
of  deformation  may  be  obtained  by  increasing  the  rate  of  strain.  It 
should  be  noted  that  the  higher  the  cooipactive  effort  the  greater  the 
effect  of  rate  of  strain  on  Mq. 

For  the  lowest  compactive  effort,  a  decrease  in  &>  for  an  increase 
in  rate  of  strain  was  noted  (Figure  9)-   This  is  probably  due  to  the 
scattering  of  data  and  the  use  of  average  cur 

Comparison  of  Clay  and  Silty  Clay 

In  both  the  clay  and  ailty  clay,  a  significant  increase  in  uncon- 
fined  compressive  st/«ngth  occurred  with  an  increase  in  rate  of  strain 
for  ail  compactive  efforts  and  all  moisture  contents  tested.       ^r, 
with  the  silty  clay,  as  the  moisture  content  increased,  the  strength 
ratio  decreased  t*hile  for  the  clay  the  converse  was  truec 

In  both  the  clay  and  the  silty  clay  the  strength  ratios  for  the 
fast  transient  test  were  greater  for  the  lowest  compactive 
No  definite  relationship  could  be  established  for  the  medium  transi- 
tests  between  the  strength  ratios  and  the  compactive  effo. 

In  both  the  clay  and  the  silty  clay  the  moisture  content 
to  be  more  significant  than  the  increase  in  rate  of  strain,  as  rege; 
affecting  the  unconfined  compressive  strength*  This  tc.        aroe 
less  as  the  compactive  effort  deireasedo 

Moisture  content  has  a  great  effect  on  the  modulus  of 
of  the  silty 'clay  as  well  as  the  clay,.  This  condition 
nounced  the  higher  the  compactive  effort  and  the  highar  the  rate  of 


strain.,  Furthermore,,  for  the  clay  soil,  increar 

produced  a  measurable  increase  in  the  Mn  ratio,  but  this  was  not 

case  for  the  silty  clay. 

It  is  worthy  to  note  that  the  data  presented  in  this  report 
not  give  a  straight  line  relationship,  on  a  semi-logarithmic  plot, 
for  the  variance  of  strength  or  modulus  of  deformation  with  respect  to 
rate  of  strain  (Figures  4,  6,  8  and  9)«  The  aforementioned  i 
prising  due  to  large  number  of  variables  presents  Nevertheless,  3\;ch  a 
relationship  can  be  obtained  for  certain  soils,  as  i3  shown  in  reference 
23  = 

From  Tables  3  and  4  it  can  be  readily  seen  why  the  effect  of  rate 
of  strain  is  more  significant  in  increasing  the  strength  of  the  material 
at  low  densityo  This  fact  may  be  ascertained  by  comparing  the  difference 
in  strength  between  the  fast  and  slow  transient  tests  for  the  same 
moisture  content  but  varying  densities-  It  can  be  seen  that  the  increase 
in  strength  is  relatively  constant  regardless  of  the  compactive  efforts 
Thus,  due  to  the  much  lower  slow  transient  strength  of  the  materia:, 
low  density,  it  is  to  be  exoected  to  show  a  greater  percentage  ir.oi-sase 
in  strength  for  a  given  increase  in  rate  of  strain* 

Also,  it  is  interesting  to  note  that  the  aforementioned  difference 
is  less  variable s  with  moisture  content,  for  the  clay  than  the  silty 
clay»  This  is  because  the  silty  clay  is  much  more  susceptible  to 
changes  in  moisture  contento 

In  contrast  to  Whitman  (23) «  the  data  show  a  general  trend  t 
a  decrease  in  the  strain  at  failure  dth  an  increase  i 
straino  This  is  attributed  to  tVje  fact  that  the  faster  the  r 
strain  the  faster  the  load  is  applied  which  results  in  the  specie 
having  the  opportunity  of  deform         -  before  it  develop 
maximum  shear  strength.. 
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Finally,  it  is  of  internet  to  investigate  the  possibility  of 
thixotropic  action  affecting  the  results,  since  the  specimens  were 
tested  approximately  2k   hours  after  molding*  Both  Moretto  (?U)   and 
Skerapton  and  Northey  (25)  observed  that  thixotropir.  strength  regain 
decreased  with  decreasing  water  content  below  the  liouid  limit.  Also, 
Seed  and  Chan  (26)  3howed  that  thixotropic  effects  are  relatively 
small,  for  samples  compacted  on  the  dry  side  of  optimum  for  t: 
pactive  effort  being  use do 

It  is  realized  that  the  thixotropic  effect  i3  not  a  well  km 
phenomenon.  Consequently,  the  results  published  by  one  investigator 
may  be  used  by  another  only  it  the  material  ana  the  test  procedures  are 
ouite  similaro  Nevertheless,,  it  was  felt  that  the  aforementioned  work 
could  be  used  as  a  guids  to  the  design  of  the  experiment:  Thus,  by 
testing  specimens  at  moisture  contents  well  below  the  linuid  limit  and 
by  limiting  the  time  of  storage  to  a  maximum  of  twenty-four  hours,  . 
was  hoped  that  the  effects  of  thixotropy  would  be  relatively  constc 
for  all  tests. 


CONCLUSIONS 

On  the  basis  of  these  te;>ts,  and  for  the  soils  invol/ed,  it  can 
concluded  that: 

1.  As  the  compactive  effort  is  increased  the  greater  the  effect  cf 
changes  in  moisture  content  on  the  unconfined  compressive  stren? 
regardless  of  the  rate  of  strain. 
2o  The  lower  the  compactive  effort  the  greater  the  effect  of  rate 
strain  on  the  strength© 
a<>  Considering  the  silty  clay,  3s  the  moisture  content  increases 

the  strength  ratio  tende  to  decreaseo 
bo  Considering  the  clay,  as  the  moisture  content  increases  the 
strength  ratio  increases* 
3o  As  the  rate  of  strain  increases  the  effect  of  an  increase  in  dry 
density,  at  a  given  moisture  content,  on  the  unconfined  compressive 
strength  decreases© 
U°     Increasing  the  rate  of  strain  produced  a  measurable  increase  in  the 
Md  ratio  of  the  clay  soil* 

ao  For  the  clay  soil,  as  the  moisture  content  increased  the  M^ 
ratio  increased  for  a  given  compactive  effort  but  the  highest 
compactive  effort  yielded  the  greatest  increase. 
b„  In  the  silty  clay  soil  there  was  a  tendency  toward  a  iecr°ase 

in  Mj)  ratio  for  a  given  rate  of  strain  and  compactive  effe 
Co  Due  to  the  scattering  of  data  it  was  impossible  to  compare  the 
Mp  ratios  of  the  various  compactive  efforts  and  ??tabli.-. 
trendo 
5»  On  the  basis  of  these  tests  it  must  be  concluded  that  to  obtr 
significant  increases  in  strength  or  modulus  of  defomation  ! 
take*  a  rate  of  strain  equivalent  to  a  fast  transient  test. 


6..     Ae  the  rate  of  strain  dFcr^sses  th  a  tenet' 

at  failure  to  increase, 
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